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Preface 


The rapid advances in aeronautics during the past 50 
years have often obscured the history of this development 
and produced a tendency to dwell only on the here and now 
rather than how we arrived where we are, This thesis offered 
a unique opportunity to experience some of the history of 
aeronautical development while working with practicing 
engineers and technicians in the testing of a design for an 
Advanced Manned Interceptor, I am indebted to Mr. Ron Gord 
of the Flight Dynamics Laboratory for his interest and pro- 
fessional advice on this project, Mr. Park Doing, also of 
the Flight Dynamics Laboratory, provided valuable assistance 
in calibrating the model balance and the tunnel instrumenta- 
tion, I offer my special thanke to the technicians of the 
AFIT 5 Poot Wind-Tunnel for their professional approach to 
every task and for their cheerful answers to my many ques- 
tions, Finally, I must express my appreciation to Professor 
Harold C, Larsen for his professional advice on this project 
and particularly for his thought provoking presentations in 
the classroom, His vast experience in the field of aviation 
has enabled him to speak with authority on theory and 
practice. My association with him has givon me an apprecia- 
tion for the history of aeronautical development and the re- 
spective parts played by the theoreticians and engineers as 


well an the aircrews. Robert M, Poley 
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Abstract 


This project involved the testing of a model of a pro- 
jected Advance Manned Interceptor in the AFIT 5 Foot Wind- 
Tunnel at Wright-Patterson AFB, Ohio, The model was con- 
structed by the McDonnell-Douglas Company and was a blended- 
body shape designed for Mach 4 cruising flight, The initial 
testing on the model in the supersonic range had been conduct=- 
ed by AEDC and low subsonic Mach number testing was required 
to complete the flight envelope, 

The test program was conducted at a Mach number of ,19 
at a Reynolds number of 3,6 X 10°, Basic performance para- 
meters were recorded on IBM cards and the data was reduced 
with the FDL-8 data reduction program from the Air Force 
Plight Dynamics Laboratory, The reduced data supplied the 
parameters to determine basic lift, drag, and pitching 
moment characteristics cf the model as well as thirteen of 
the static stability derivatives, This project gave an in- 
sight into the low Mach number characteristics of a blended- 


body shape designed for Mach & cruising flight. 


jx 


Backeround 
The basis for this thesis is a letter from Mr, Melvin 


L, Buck of the Air Force Flight Dynamics Laboratory to 
Professor Harold C, Larsen of the Air Force Institute of 
Technology. In this letter, Mr, Buck described the re- 
quirement for low subsonic Mach number testing of two 
candidate configurations for an Advanced Manned Interceptor 
(Ref: 6), Models of both of these configurations had been 
constructed by McDonnell Aircraft and consisted of force 
and pressure models of each design. Although both of the 
configurations were designed for a similar mission profile 
and flight envelope, they differed markedly in appearance, 
The blended-body shape was chosen as the subject of this 
thesis. 

Prior to arriving at Wright-Patterson Air Force Base, 
Ohio, the model had undergone extensive testing in the 
transonic and hypersonic tunnels of the Arnold Engineerine 
Development Center, These tests adequately explored the 
high Mach number portion of the flight envelope but addition- 
al testing was required in the low Mach number reeiorn. The 
size of the model required a tunnel with a relatively larce 
test section to allow an adequate range of motion in yaw 


and angle of attack. The AFIT 5 Foot wind-tunne’ offere4 the 
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size, Mach number range, and an adequate Reynolds number 
range to meet the test objectives. 

The test objectives were primarily stimulated by the 
requirements of the Flight Dynamics Laboratory for a mass of 
data at the earliest possible date. The test schedule was 
established to provide data to support FDL and the require- 
ments for this report. A series of 78 runs were agreed upon 
with only the first 23 directly related to the objectives of 
this report and the remainder devoted to the objectives of 
FDL. As suggested by Pope (Ref 3), sufficient data was ob- 


P Qos and e. Additional data 


tained to determine i y Cre 


was required to make some basic determinations of the static 
stability characteristics of the model. 

A data collection configuration developed by FDL was 
used and a data reduction program written by FDL for pre- 
vious test work on the FDL-8 hypersonic cruise vehicle was 


adequate for this project. 


Model Description 

The force model selected for this test program was the 
blended-body configuration. It has a double delta planform 
with an airfoil shaped fuselage section (Fig 1). The model 
is 36 inches long and has a span of 14.22 inches. The aspect 
ratio of the aft delta is 0.034. The low aspect ratio, low 
thickness to chord ratio, and high sweep angle of this model 
indicated possible instabilities at low Mach numbers and 
offered a unique opportunity to observe the effects of these 


parameters in the low Mach number range where they are apt to 
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prove most troublesome for the designer to predict and for 
the pilot to overcome with the flight controls. 

To accomplish the full range of test objectives the 
model exterior was constructed of a high temperature epoxy 
resin (Epoxylite 6107) used as a binder for thin (.004 inch) 
fiberglass laminates. This material system provided a high 
strength retention for the anticipated temperatures encoun- 
tered during the supersonic Mach number testing phase 
(Ref 5:5-2). 

The strongback of the model was designed to accommodate 
the balance. Metal extensions of the strongback are used to 
attach the vertical fins and the outer wing panel control 
surfaces. These attachment points and the nose tip are the 
only exposed metal in the fuselage of the model. The engine 
duct inlets and exits are also exposed metal. 

To accommodate the model strongback and sting cavity, 
the engine ducts were modified from a full circular duct at 
the aft end of the model. The duct cross-sectional area 
continues to expand in the flow direction to preclude chok- 
ing at the higher mass flow rates and Mach numbers 
(Ref 5:5-25). 

Each vertical fin is attached to the metal strongbdack 
of the model with four screws. Two metal plates are partial- 
ly buried in the fin for added strength at these points. 
These plates are also used as alignment pceints for the out- 
board control surfaces (Ref 5:5-25). The alignment points 


provide for control surface deflections of 0, + 5, or + 10 


— 
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degrees. These control surface deflections may be applied 
differentially much like the conventional elevon on many of 
the common delta-winged aircraft. That is, the surface acts 
both as an aileron to induce roll and as an elevator to pro- 
duce changes in pitch. In this particular installation, the 
surface may also function as a flap type high lift device. 
In order to scale the model properly in terms of Rey- 
nolds number, boundry layer trippers were placed just aft of 
the nose cap and along the upper leading edges of both delta 
surfaces. These trippers consisted of coarse grit particles 


glued directly to the model surface. 


Balance Description 

The model was instrumented with the Task MK XXVII in- 
ternal strain gauge balance. This is a 3/4 inch balance 
which has been used by the Douglas Aircraft Company of the 
McDonnell Corporation and by AEDC in tests conducted for the 
Spartan project. This particular balance was selected be- 
cause its small diameter minimized the amount of modification 
required on the model (Ref 5:5-5). The balance is pinned in 
Place with locking screws through the top and bottom of the 
model. When the model and balance are attached to the tunnel 
sting the airloads acting on the model are transmitted to the 
strain gauges in the balance where they appear as electrical 
voltages. After calibration, these voltages provide the in- 


put parameters for the data reduction program. 
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Tunnel Description 

The AFIT 5 Foot wind-tunnel is a venerable but very 
functional testing system. The system consists of an open- 
circuit wind-tunnel with two Liberty Engine dynamometers 
driving two fans, servos and their connections and controls 
for positioning the test subject in the test section, and a 
set of digital voltmeters for data coilection. These volt- 
meters are connected to an IBM 0-26 card punch and the raw 
data is automaticly transcribed on a standard IBM card for 
each test point in the test program. 

The test section of the tunnel is circular with a 
diameter of 5 feet and is easily accesible through large 
doors located on the sides of the tunnel. Also several large 
plexiglass viewing ports offer excellent visibility of the 
test subject and are adequately lighted for test photography. 

For this project the first priority was the calibration 
of the model balance and the tunnel voltmeters. The results 
of the calibration were expressed as a matrix of digits for 
entry into the data reduction program, 

Following the completion of balance calibration the 
first four data runs were completed to determine an optimum 
tunnel speed based on Reynolds number and dynamic pressure. 
Although Run 4 produced the highest Reynolds number (5.2x10°) 
and dynamic pressure (100 1b/ft*), it wae concluded that the 
Reynolds number (3.7x10°) and dynamic pressure (50 1b/ft*) 
obtained during Run 2 offered the advantage of satisfying 


the test objectives for the remainder of the data runs while 
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placing a minimum strain on the tunnel fans. The remainder 
of the data runs involved changes in model configuration and 
rotations of the model about the Z-axis to induce the effects 
of yaw into the data. These configurations and rotations are 
described in Table 2 in Appendix B. During each run the 
angle of attack of the model was rotated through ten points 
ranging from -4.0 degrees to +24.0 degrees. This upper limit 
of 24 degrees was determined by the length of the model and 
the requirement to maintain separation between the model nose 
cap and the upper wall of the tummel and to avoid erroneous 


wall flow effects. 


Data Reduction 

The data reduction program for this project was selected 
to provide adequate information to determine the model per- 
formance characteristics and static stab}.lity parameters. 
The FDL-& program which was written for the AFIT 5 Foot 
tunnel and was converted for use with the CDC 6600 computer 
proved adequate in both of these areas. Difficulty was aa- 
ticipated is integrating the card symbology of the IBM 0-26 
with the language symbology of the FORTRAN used by the CDC 
6600. However, once all positive values were expressed with- 
out a plus sign and all negative valucs were expressed with 
a minus sign, the symbologies proved completely compatible. 

Appendix C contains the reduced data and list of data 


symbols. 
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Constraints 

Since both the model and balance were on loan from 
McDonnel-Dougilas for a specified period of time certain 
compromises in data gathering were required to meet the test 
objectives of this project and those of FDL. 

Only three data points were available to reflect changes 
in yaw angle, elevator deflection, and aileron deflection. 
Realizing that a minimum of five points are necessary to 
uniquely describe a second order conic section, the fact that 
only three wre available degrades the validity of the 
stability derivatives which depend on these parameters. The 
time available for the model and balance forced approximation 
techniques. 

Also, the relatively low Reynolds number and dynamic 
pressures of the test runs tend to exagerate the effects of 
flow separations and the roll, pitch, and yaw couplings 
discussed in Chapter 3. Testing at higher Reynolds numbers 
and dynamic pressures would simuiate a full scale model of 


this design more accurately. 
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II. Basic Parameters 


An analysis of the figures in Appendix A gives many of 
the aerodynamic characteristics of the model. It should be 
remembered that these figures were derived from data relating 
to the whole model and not just the wings. 

Figure 9 in Appendix A provides the information needed 
to determine dC, /da. An analysis of the curve in the linear 
range from zero to eight degrees reveals that dc, /da is equal 
to 0.025/°. 


Normaily, would be a basic determination ina 


Cl max 
wind-tunnel test of this type but with such a small aspect 
ratio and a limit of 24 degrees angle of attack to avoid 
tunnel wall effect uncertainties, this model does not achieve 
IY de during this test. An analysis of Fig 9 in Appendix A 
reveals a very linear curve to 16 degrees angle cz attack 
with a slight bending at the higher angles. However, the 


normal lift curve with a peaking at C is certainly not 


Lmax 
present. Testing at higher angles of attack ina larger 
tunnel will be required to determine this parameter. 

The angle of attack for zero lift (a51) is ~cadily 
apparent from Fig 9 in Appendix A. Since this model has the 


lift curve of a symmetrical airfoil section the Gor occurs 


where C,; is equal to zero which gives ao) = C 
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Figure 10 in Appendix A provides the information to 


determine Chomin’ At zero angle of attack C = 0.0312. 


DOmin 
The airplane efficiency factor (e) can be found from 
an analysis of Fig 19 in Appendix A. The Oswald Parabolic 


Drag Coefficient assumption is 


but Fig 19 reveals 


C = 0.0312 


Dpe ~ Cpomin 


This fact plus the linearity of the curve in Fig 19 validates 


the Oswald Parabolic Drag Coefficient assumption and yields 


e = 
(= 
TTA 3 
\Cy 
From Fig 19 
SSD , 2088.02) . 098 2 ce 
Nev 0:.10 | . 
L 
and A = 1.03 
ee eat ree, 
Therefore e= ati.03)(.58) * SoZ 
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This very low airplane efficiency factor can be primarily 
attributed to the delta planform and very large sweep ingle 
of the model which tend to produce a non-ellipticai lift 
distribution. However, it should be remembered that this is 
an airplane efficiency factor and not a wing efficiency 


factor alone. 


11 
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III. The Stability Derivatives 


A major effort in this project was the determination of 
the static stability derivatives described in this chapter. 
Only static stability derivatives are discussed since the 
AFIT 5 Foot tunnel does not have a provision for measuring 
rates of change for any of the measured parameters. 

The discussion is divided into two sections relating 
the derivatives to the longitudinal or lateral equations of 
motion as developed by Etkin (Ref 2) in Chapter 4. Etkin's 
development of the individual derivatives has also been 
followed in this chapter. Each of the derivatives has been 
evaluated at the reference flight condition of 6 degrees 


angle of attack. 


ngitu 1 Derivatives 
To express the longitudinal derivatives it is first 
necessary to ievelop expressions for Cy and Coe Since a 
wind-tunnel model and not a powered aircraft is involved, 
the effect of thrust is eliminated. This fact coupled with 


the assumption of small angles of attack yields 


CZ = - (C; + Cc) ) (2) 


i2 


uP 


GAM/AE/ 72°44 


The Derivative C, . By definition, C, = (aC faa) 
a a 
where the subscript zero indicates that the derivative is 
evaluated when the disturbance quantities are zero 


(Ref 2:146). From Eq (2) 


With the subscript zero again indicating the reference 
flight condition with a=6°, we have 


ac ac. 
C= ex) =c, - (+2) 3 
Xo (* 6 Ly aa ie (3) 


However, when the drag is expressed by a parabolic polar in 


the form 
Cy Consn + Ce/neA 
2c, 
we have Cy a Ch Serra ca (4) 


Figure 9 in Appendix A ind’ cates that C, is equal to 
o 
»148 at 6 degrees angle of attack. Using this angle of 
attack as the reference speed condition yields 


roe 0148 = OT (1003) 53 


% = 0.017 
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The Derivative C, . By definition, 
a 


C) 
Za aa o 


with the derivative again evaluated when the disturbance 


quantity is zero (Ref 2:147). From Eq (2) we have 


aC aC 
ee ws pal? 
aa “i +O) +a x) 


Therefore Gs = + & ) 
Zy L, Do 


Reference to Figs 9 and 10 in Appendix A indicates that 


Cc, <<C 
Do Ly 


at 6 degrees angle of attack. Therefore, as in Etkin, 


C =-C = = 1,43] 


The Derivative Cc. - By definition 


In the linear range of Fig 11 in Appendix A, Cr may be 


a 
approximated by the relationship aC, - Therefore 


Aa 
C= 4Cn _ -,0095 
mM A@ ° 5,08 
and Cc. = -0,1089 
My 


(5) 


GAM/AE/72-4 


The u Derivatives. Since the tunnel runs of this 
project were all conducted in the low subsonic Mach number 
range, the u derivatives will all be approximately equal to 


zero. We have 


C, = - My (6) 
u 
ac 
or a (7) 
u 
ac 3c 
and Cn = Sa + pus — (8) 


and, as is characteristic of an aircraft with high sweepback 
and a low aspect ratio operating at a low subsonic Mach 
number, aC,./apd # 0 (Ref 2:152). 


Therefore, 


5 
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The u Derivatives. Since the tunnel runs of this 
project were all conducted in the low subsonic Mach number 
range, the u derivatives will all be approximately equal to 


zero. We have 


oe Mage (6) 
u 
aC 
a ae om Neg (7) 
ac ac 
a Mesa 2 3B 
and Cn My Ot PUG 3 pd (8) 


C) r) 3 
Og oe a ee eh 
aM aM aM 


and, as is characteristic of an aircraft with high sweepback 
and a low aspect ratio operating at a low subsonic Mach 
number, aC,/apd # 0 (Ref 2:152). 

Therefore, 


0.0 


oO 
ul 


Cc, = 0,0 


0.0 


Q 
Ie 


15 


GAM/AE/72-4 


The Derivative C. » By definition, C. is the change 
in C. due to elevator définecions. ices so true elevator 
exists on this model, the moveable control surfaces on each 
wing tip function both as ailerons and elevators. Therefore, 
when they are simultaneously deflected in the same magnitude 


and direction, they are considered as elevators. We have 


3 
a ee ge 2 
but aC, /an is identical with the control parameter C, 
6 
E 


(Ref 2:166). Therefore 


i a.” 3 (9) 


$_ (DEGREES) | 


Fig. 2. Effect cf Elevator Deflection On Lift 
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From Fig 12 in Appendix A with the small angle of attack 
approximation and the assumption of linearity at a= 6° 
we obtain Fig 2 above. Therefore, = -0.458. 

Figure 9 indicates that ant is tinea to 12 degrees 
angle of attack and only slightly curved between 12 and 24 
degrees. Figure 12 indicates that elevator deflection in- 
fluences the lift coefficient at a particular angle of attack 
but does not affect _" and in fact shows that ml is con- 
stant in the linear elas. Beyond 16 degrees ninctn of attack 
the effect of elevator deflection is obscured by flow separa- 


tions and tip stalling. 


The Derivative Ch - An analysis similar to that of 


“a yields 


co at (10) 


From Fig 13 in Appendix A with the small angle of attack 
approximation and the assumption of linearity at a= 6° 

we obtain Fig 3 below. If we attribute the slight bow in 
the curve to the errors of engineering accuracy and the 
influences of higher order terms we may approximate the 
data between elevator deflections of -5° and +10° by a 


straight line. This approximation yields 


ne (50 _ ac 
sal 3 Nlo Ao, 


C,, = 20057 


+o -0.0687 


17 


GAM/AE/72-4 


See eS 10_ 
= 5 (DEGREES) _ 


Fig. 3. Effect of Elevator Deflection 
On Pitching Moment. 


The pitching moment depicted in Fig 11 of Appendix A 
is a very important characteristic of this model. With zero 
control deflection it is important to note that a is 
positive while Ch is negative indicating that the model is 
stable in pitch te approximately 16 degrees angle of attack. 
Beyond 16 degrees angle of attack the slope of the pitching 
moment coefficient is positive indicating a tendency for the 
model to “pitch-up" point lowers to approximately 12 degrees 
angle of attack with 10 degrees of positive elevator deflec- 
tion, This fact would certainly limit the performance of an 
actual aircraft to angles of attack below these "pitch-up” 
points and would confine the aircraft to an angle of attack 


region of very low lift coefficients. 
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The Lateral Derivatives 

Although theoretical and emperical techniques are 
available to determine the lateral stability derivatives, 
experimental techniques are generally far more practical. 
Since this model has a very small aspect ratio and highly 
swept wings to achieve good performance in the Mach 4 range, 
we can expect its low Mach number stability to be degraded 
since these characteristics tend to be destabilizing at the 
low Mach numbers and high angles of attack encountered in 
this project. 

The lateral derivatives in this chapter are again 
confined to static stability derivatives since the tunnel 
does not have rate measuring devices. Graphical means were 


used extensively in these determinations. 
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The Derivative oy This is the side-force derivative 
which describes the force that acts in the y direction 
(right) when the aircraft has a positive B (sideslip to the 
right). "ve is usually negative, and frequently small 
enough to be neglected entirely. The main contributions are 
those of the body and vertical tail (Ref 2:167). As in the 
longitudinal derivatives, Fig 4 below was obtained by deter- 
mining values of cy with changes in B at a constant angle of 


attack of 6°. These changes are illustrated in Fig 14 of 


Appendix A. 


Fig. 4. Effect of Yaw Angle on Side Force. 
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If the slight curve in the figure above is again assumed to 
be due to engineering inaccuracies and the influence of 
higher order terms, we may approximate the curve by a 


straight line and obtain 


°y =s04l = 20.446 (11) 


Figure 14 of Appendix A indicates that the side force 
coefficient is a function of angle of attack as well as yaw 
angle particularly in the non-linear range above 12 degrees 


angle of attack. 


The Derivative Cy » The tendency of an aircraft to 
maintain a zero bank angle is related to the derivetive "li 
which is known as the dihedral effect. Figure 5 below 
describes the influence of yaw angle on the rolling moment 
for this aircraft. Again, the change in rolling moment with 
the change in yaw angle was computed at 6 degrees angle of 
attack. The resulting straight line allows computation of 
the derivative from the following 

SC, 


Cc — 
1, 4B 


= -0,03495 (12) 


1p 
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Fig. 5. Dihedral Effect. 


Figure 15 indicates that the rolling moment is also a 
function of angle of attack as well as yaw angle. At minus 
2.8 degrees angle of attack a reversal in the influence of 
yaw angle occurs. The steep slopes of these curves indicate 
a strong pitch and roll coupling in this model particularly 


at angles of attack above 12 degrees. 


The Derivative Ch é Cn is known as the weathercock 
stability derivative. It describes the tendency of an air- 
craft to maintain its directional attitude. The main con- 

tributions to this derivative are from the fuselage and the 


vertical tail. Figure 6 below was obtained from Fig 16 in 
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Appendix A by observing the changes in oe with changes in 6 
while angle of attack was held constant at 6 degrees. The 


resulting straight line allows the following computation 


ac 
ne 
“ng IN) 
a 0.03205 (13) 


lant | cee nen ete ns 


a ase ote ee) a 


i H i 
se PSUR es PL 
era ce | 
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oe Ela oo 


Fig. 6. Weathercock Stability Derivative 


Figure 16 of Appendix A indicates strong pitch and yaw 
coupling. Above 10 degrees angle of attack the slope of the 
curve becomes positive indicating that the restoring moment 


is weakining. When the model is rotated in angle of attack 
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to the point where the yawing moment becomes positive while 
the yaw angle is negative a horizontal analogy to the 
“"pitch-up” problem discussed earlier is produced. That is, 


the model tends to increase its yaw displacement. 


The Derivative C, .- The rolling moment due to the 
deflection of ailerons was obtained by deflecting the model 
control surfaces an equal amount in opposite directions. In 
this respect the control surfaces functioned as ailerons 
rather than elevators as in earlier discussions. Figure 7 
below was obtained from Fig 17 in Appendix A by holding the 
angle of attack fixed at 6 degrees while varying the aileron 
deflections. Allowing for engineering accuracy and approx- 
imating the higher order curve with a straight line gives 


the following approximation for this derivative 


ac 
Cc, =— = -0,409 (14) 


Figure 17 of Appendix A indicates that the rolling 
moment is a function of angle of attack as well as aileron 
deflection. Beyond 12 degrees angle of attack the slopes 
of the rolling moment coefficient versus angle of attack 
curves become positive indicating a weakening in aileron 
effectiveness in this region. Again roll and pitch coupling 
is indicated particularly at angles of attack above 12 


degrees. 
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RT AILERON (¢°) 


Fig. 7. Rolling Moment Due to Aileron 


The Derivative Ch « The yawing moment due to aileron 
deflection was dhrwbnad by holding the angle of attack con- 
stant at 6 degrees while varying the aileron deflection 
angle as described by Fig 18 in Appendix A. The resulting 
curve depicted in Fig 8 below proved to be tte least linear 
of any of the derivatives in this project. However, a linear 
estimation of the derivative between aileron deflections of 


zero to ten degrees reveals the following 
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C, © -0.01089 (0<«<+5°) 
€ 

C, = °0.001144 (+5<¢<+10°) 
€ 


Fig. 8. Yawing Moment Due to Aileron. 


Figure 18 of Appendix A indicates a definite adverse 
yew characteristic at the higher angles of attack. Above 
12 degrees angle of attack the yawing, moment is positive 
while the rolling moment is negative. That is, the nose 
of the model tends to yaw right while the model tends to 
roll left. This phenomenon is aggravated at higher angles 
of attack. 

An estimation of the curves in Fig 18 of Appendix A 


eserves as an example for estimating any of the curves in 
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Appendix A. At g=-3° 


C. = .024 + (.031-,024) a 

y 16 
but Cc =,025 @ 
and a= “ho 

C. 
- 2009 > 

Therefore Cy 2.024 + 16 (st) 0924 + .0225 Cy 
At B= -60 

Cy = .041 + .03625 Cr 
And at 6= Oe 

cy = 0.0 + .00833 Cy 


One can now fit a curve through the constants as 


Cy sa (B) + b(B) C (16) 
with a(B) = cB + dp? 
Substitution yields ‘ 


024 = 3c + 9d 


041 = 6c + 36d 


Therefore 

024 9 | 

ce =}|,.041 36 |= .00917 
, 3 9 | 
| 6 36 
| 3 £024 | 

d=! 6 .041 |= -.000389 
—- a ee 
ls 45 
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and a(8) © .009179 -.coarens? qt?) 
b(6) © .0083)3 © 19 © es? 
Expressions for ‘ and @ are found froes 


01467 © Sf © 
02792 = 6f © 36g 


Therefore 
01467 9 
£ = | 02792 36} = .0056 
54 


3 01467 | 
6.2 9 -02792 e »,00089 
—— 


and b(p) © .00833 + .0056— -.0008997 (18) 


Substituting the values for the constants in Egl7 and 18 
in Eq 16 yields 


c, .009176-,00038%82 + (00833 + .00568- -.0008967)c, (19) 


Equation 19 is a curve fit to the data expressed in Fig 18 of 
Appendix A for Cr <$.3. For $= -3 and C,=0.3 
Cy, = ,0315 


which ccapares with tne value 


oy = .03 


obtained from the appropriate curve in Fig 18. 


28 


GAM/AE/72-4 


This curve fitting technique can be applied to the 
other curves in this chapter and to those presented in 


Appendix A to estimate their values, 


Table I 


Stability Derivative Summary 
(Computed at 6° Angle of Attack) 


Cc 0.017 
Xe 

Cc = -1 2431 
a 

C = -0.1089 
My 

C ” 0.0 
Xu 

“a, 5 0.0 

I 

C - 0.0 
my 

C,. = -0.458 

n 
Cc = -0.0687 


= res ye 
"ve 0.446 
C) = -0.03495 
B 
Cc. - 0.03205 
B 
C = -0.01089 (0<&<+5) 


"=~ --0,001144 (5<e<+10) 
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IV. Conclusions and Recommendations 


Based on the information presented in Chapters 2 and 3 
the following conclusions are warrented: 
1. The model will “pitch-up” at an angle of attack 
below the stalling angle of attack. Therefore, 


Ch is the limiting characteristic in pitch rather 
a 


than Cy eaac* z 

Ze The drag characteristics of the model conform to 
the Oswald Parabolic Drag Polar approximation, 

3 The delta planform and large sweep angle of the model 
contribute to a low airplane efficiency factor (e) 
of 0.532. 

4, Linear approximations are valid for the longitudinal 
derivatives to angles of attack of 12 degrees. 

De The model exhibits roll, pitch, and yaw coupling 
at angles of attack above 12 degrees. 

6. Above 10 degrees angle of attack the model tends to 
increase yaw displacement due to the reduction of 
restoring moment as angle of attack increases. 

TV Above 12 degrees angle of attack the model exhibits 


a strong “adverse” yaw characteristic. 
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The constraints of time and model configuration discussed 


in the introduction and the conclusions presented above lead 


to the following recommendations: 


1. 


The testing envelope should be expanded to Reynolds 
numbers of 50 X 10° and dynamic pressures and Mach 
numbers approaching the transonic region by using 
a variable density tunnel. 

The angle of attack region above 24 degrees should 
be investigated to determine Cy mavse* 

A larger range of yaw displacement should be in- 
vestigated to include both positive and negative 
displacements. This would lead to a more accurate 
estimation of the 8 derivatives. 

A model of this configuration with a wider range and 
smaller increment control deflection should be built 
and tested to more accurately estimate the control 
deflection derivatives. 

Oil flow studies should be made to determine the 
cause of the “pitch-up" condition at 16 degrees 
angle of attack. 

Model configurations with high lift devices to im- 
prove the lift coefficient and delay the "pitch-up" 
tendency should be investigated. 

Methods of reducing the pitch, roll, and yaw 


coupling of the model should be investigated. 
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Apperdix A 


The figures contained in this appendix were obtained 
fru. the data sheets in Appendix C. They are the basis for 
the performance and static stability analyses of Chapters 


two and three. 
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Appendix B 


Model Configurations 


Table II 


RUN y 6L 6R q 
1 0 0 0 25 
2 0 0 0 50 
3 0 0 0 75 
4 0 0 0 100 
5 6 0 0 50 
6 3 0 0 50 
7 6 10 10 50 
8 3 10 10 50 
9 0 10 10 50 

10 0 -10 -10 50 

11 3 

12 6 

13 0 

14 3 

15 6 

17 -3 

18 -6 

19 0 

22 -6 

23 -6 

24 6 

25 3 

26 0 

27 -3 

28 -6 
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Appendix C 


The following pages contain the data used in this 


project. 


Appendix B,. 


The configurations for each run can be found in 


Note that each run is broken into two sections, 


the first containing the parameters relating to the body axis 


and the second containing those relating to the wind axis. 


The following is a list of the terms used in the data sheets. 


List of Terms 


Body Axis 
RUN 


TPN 


ALPHA 


YAW 


C.P. 


CN 


CY 


CA 


CM 


CZ 


CX 


CBP 


Index number for a cycle 
of tunnel operation. 


Index number for a particular 
test point. 


Angle of attack. 
Euler angle¥ 


Center of pressure location in 
% of reference length. 


Normal force coefficient. 
Side force coefficient. 
Axial force coefficient. 
Pitching moment coefficient. 
Yawing moment coefficient. 
Rolling moment coefficient. 


Base pressure coefficient, 
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Wind Axis 
FL/FD Cases eeesvevesvecsess LAft over drag ratio (L/D). 
CL eveccceccecceccesecccesce Litt coefficient. 


CD covcccccsccccccessccvecce Drag coefficient. 
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Pil Redacted 


GAM/AE/72°4 


VITA 


Captain Robert M. Foley was born et 
ee eS: :: 
the eldest of five sons and one daughter of ae 
Ce eraduated fron 
Pe and entered the United States 


Air Force Academy in June of the same year. Captain Foley 
graduated from the Air Force Academy in 1963 with a Bachelor 
of Science degree in International Affairs and a commission 
as a Second Lieutenant in the Air Force. He attended pilot 
training at Williams Air Force Base, Arizona and received his 
pilot's wings in August 1964. He was assigned to the 3560th 
Pilot Training Wing at Webb Air Force Base, Texas where he 
served four years as an instructor pilot. In 1968 Captain 
Foley was assigned to the 119th Tactical Fighter Squadron at 
Myrtle Beach, South Carolina where he completed the F-100 
gunnery school. He served in Viet Nam with the 3lst Tac- 
tical Fighter Wing as a tactical fighter pilot from April 
1969 to February 1970. He is a graduate cf the Naval Aviation 
Instructor School, the Air Training Command Academic lInstruc- 
tor School, and the Squadron Officer School. Captain Foley 
entered the Air Force Institute of Technology in June 1970. 


Pil Redacted 


